Ruminants utilize phytic acid well. The digestive system of young calves, however, is less developed than that of adult animals. The aim of our study was to decide whether phytic acid hydrolysis in the digestive tract of calves is complete or not. Thus, rectal samples of faeces were collected from 16 crossbred calves fed starter diets. Faeces of calves were sampled at the age of 1, 6 and 13 weeks. In starter concentrates and faeces the phytic acid content was determined by capillary isotachophoresis. Two commercial starters containing 9.17 and 12.80 g of phytic acid per kg of dry matter (37.6 and 50.1% of the total P) were offered ad libitum from the 4 th day of life. Calves were weaned from milk at the age of 6 weeks. Phytic acid was determined in 30 out of 37 faecal samples. Its concentration varied widely from 1 mg to 2.34 g per kg of dry matter. In some samples, the quantity of phytic acid was insufficient for a precise determination. Phytic acid phosphorus represented 0 to 8.9% of the total P in faeces. The highest phytic acid concentrations were found in faeces of calves at the age of 6 weeks, just after weaning. On average, faeces of 1, 6 and 13 weeks old calves contained 8 ± 4, 477 ± 265 and 275 ± 211 mg phytic acid per kg DM, respectively (means ± SEM). It can be concluded that a part of ingested phytic acid apparently escapes the hydrolysis in the digestive tract of calves fed commercial starters.
Concentrated feeds for cattle contain components rich in phytic acid: cereal grains, grain by-products and oilseed meals. Contrary to monogastric animals, ruminants utilize phytic acid (myo-inositolhexaphosphoric acid) very well. In an early study, Reid et al. (1947) reported that phytic acid phosphorus was liberated in the rumen of sheep, and later Raun et al. (1956) found that calcium phytate was as available to rumen microorganisms as inorganic phosphate when tested by an artificial rumen technique. Several authors concluded that phytic acid was hydrolyzed to inositol and inorganic phosphate in high producing dairy cows consuming large quantities of concentrates (Clark et al. 1986; Morse et al. 1992; M a rounek et al. 2000a ). Study of Yanke et al. (1998) demonstrated the presence of phytase activity in five species of rumen bacteria, in particular Selenomonas ruminantium. The hydrolysis of phytic acid in the digestive tract of calves has received less attention. Nelson et al. (1976) using a ferric chloride precipitation method analysed the feed and faeces of weaned calves, 9 weeks of age, fed a concentrate composed primarily of ground maize, oats and soybean meal. The authors concluded that less than 1% of the ingested phytic acid was recovered from the faeces.
The objective of this study was to reexamine the phytic acid presence in faeces of calves using a more advanced analytical technique. Phytic acid concentration was measured in feeds and faeces of calves fed starter concentrates before and after weaning by means of the capillary isotachophoresis.
Materials and Methods

Calves
Rectal samples of faeces were obtained from 16 crossbred calves (Red Holstein × Czech spotted Ayrshire) of both sexes, housed in individual straw-bedded hutches till weaning, and later in pens. After birth, calves were fed colostrum for the first 5 days of life, then milk till weaning at 6 weeks of age. Starter concentrates were offered ad libitum from the 4 th day of life. Two starter concentrates were compared: a starter Standard and a starter Telstar (ZEA Sedmihorky, Czech Republic). The former starter contained: extracted soybean meal (28.5%), ground maize (20%), rolled oats (17%), rolled barley (12%), wheat bran (7.8%), linseed (6%), whey (4%), malt (1.5%), mineral mix (2.7%), vitamin mix (0.5%). The latter starter contained 50% of whole maize grains and a granulated concentrate. The concentrate consisted of products and by-products prepared from grain, oil-seeds and nuts, products and by-products of the sugar industry, mineral mix, copper sulphate pentahydrate, sweetener, vitamins A, D, E and antioxidants. No other details on composition of this starter were available. The concentration of nutrients in both starters is shown in Table 1 . From the 11 th week of age, all calves had access to good quality meadow hay. Table 2 presents average daily consumption of feeds. Rectal samples were collected at 11.00 h, from 8 calves fed the starter Standard and from 8 calves fed the starter Telstar. Faeces of calves were sampled at the age of 1, 6 (just after weaning) and 13 weeks. Faeces were frozen and freeze dried before analysis.
Analyses
Phytic acid in starters and faeces was determined by capillary electrophoresis (Du‰ková et al. 2001) . Briefly, phytic acid was extracted by 0.95 M HCl and separated from interfering compounds by precipitation with ferric chloride. Ferric phytate was dissolved by 1.5 M NaOH. The ferric hydroxide precipitate was removed by centrifugation and the supernatant neutralized by adding catex Dowex 50 WX8 in H + -cycle. Catex instead of HCl was used to avoid addition of extra Cl -ions. The solution was analysed employing the column-coupling instrument EA 101 (Villa Labeco, Spi‰ská Nová Ves, Slovakia). The phytic acid zone was identified on the basis of the step height using a standard solution. To verify the presence of phytic acid in faeces of calves, extracts of faeces were precipitated by FeCl 3 , precipitate dissolved in NaOH, and Fe(OH) 3 separated by centrifugation. The supernatant was treated with phytase (Sigma). Controls were prepared using the same procedure but without the phytase addition. Diluted solutions were analysed by isotachophoresis. Determination of phytic acid was made via a regression equation between the concentration of phytic acid in extracts and the zone length in seconds. An external calibration method was used with solutions of the dodecasodium salt of phytic acid (Sigma) as standards.
Protein content of starters was determined using the Kjeltec Auto 1030 Analyser (Tecator AB, Sweden), and fat by means of the Soxtec apparatus from the same company. Calcium and phosphorus were determined by means of 
Results and Discussion
The zone of phytic acid in extracts of feeds and faeces was well separated from zones of other compounds. In extracts of faeces treated with phytase the zone of phytic acid disappeared and zones of lower inositol phosphates (the phytic acid degradation products) increased (Fig. 1) .
Starters Standard and Telstar contained 9.17 and 12.80 g of phytic acid per kg DM, respectively (Table 1) . Phytic acid thus represented 37.6 and 50.1% of the total phosphorus in these feeds. As the intake of starters increased with age (Table 2) , the daily amount of phytic acid ingested gradually increased from 2.8 and 5.4 g to 22.4 and 36.8 g in calves fed Standard and Telstar starter, respectively.
Faeces of nine 1-week-old calves contained 1-47 mg of phytic acid per 1 kg DM (Fig. 2) . In faeces of four calves of this age phytic acid was not detected. In three calves the amount of phytic acid in faeces was too small to carry out the quantitative determination of phytic acid. All analysed samples of faeces of 6-week-old calves except one contained phytic acid. Its amount varied from 7 mg to 2.34 g per 1 kg DM. In four 6-week-old calves the amount of phytic acid in faeces sampled, however, was insufficient for a precise determination. In faeces of two 13-week-old calves phytic acid was absent. The quantity of phytic acid in faeces sampled from four calves of this age was not sufficient to determine phytic acid exactly. In faeces of other calves the concentration of phytic acid varied from 79 to 671 mg per 1 kg DM. On average, faeces of 1, 6 and 13 weeks old calves contained 8 ± 4, 477 ± 265 and 275 ± 211 mg of phytic acid per kg DM, respectively (means ± SEM). The presence of phytic acid in faeces of one-week-old calves was somewhat surprising as no milk replacer containing plant components was fed to calves. Calves at one week of age consumed 20 -50 g of starters daily, i.e. 0.2 -0.6 g of phytic acid per day. Additional source of phytic acid seems to be straw used for bedding. Calves start to consume fibrous materials at this age (KmeÈ et al. 1990 ). The content of phytic acid in straw, however, is lower than in grains (Hatzack et al. 2000) .
Data on concentration of phytic acid in faeces of young calves are scarce in the available literature. Only Nelson et al. (1976) reported that phytic acid was absent from faeces of 9-month-old calves, but traces of phytic acid were recovered from faeces of weaned calves, 9 weeks old. In our experiment, concentrations of phytic acid much higher than traces were found in faecal samples of several calves. The findings of phytic acid in faeces were highly variable, ranging from those below the limit of detection to 2.34 g per kg DM. The lowest concentrations of phytic acid in faeces were found in faeces of 1-week-old calves, presumably due to a low starter intake. The highest concentrations of phytic acid were found in 6-week-old calves: 2.34 and 2.11 g/kg DM (8.9 and 4.7% of total P) in faeces of calves fed Standard and Telstar starter, respectively. In general, these findings are distinctly lower than those reported in faeces of pigs, poultry and rabbits (Marounek et al. 2000b; Du‰ková et al. 2001 ).
In conclusion, our results are in line with the opinion that phytic acid is decomposed in the ruminant digestive tract. In our experiment with calves, however, the hydrolysis of phytic acid apparently was not complete, as phytic acid was well measurable in faeces of most animals by capillary isotachophoresis. The phytic acid concentrations in faeces of calves were very variable, typically much lower than in faeces of monogastric animals. Future experiments should assess the digestibility of phytic acid in starter-fed calves.
Koncentrace kyseliny fytové ve v˘kalech telat krmen˘ch startérov˘mi koncentráty
PfieÏv˘kavci dokáÏí dobfie vyuÏít kyselinu fytovou obsaÏenou v potravû. U mlad˘ch telat je ale systém trávení ménû vyvinut˘ neÏ u dospûl˘ch zvífiat. Cílem na‰í práce bylo zjistit, zda kyselina fytová je v trávicím traktu telat zcela hydrolyzována ãi nikoliv. Odebírali jsme proto vzorky v˘kalÛ z rekta 16 telat krmen˘ch startéry a stanovovali kyselinu fytovou metodou kapilární isotachoforézy. Vzorky byly odebírány u telat vûku 1, 6 a 13 t˘dnÛ. Startérové koncentráty s obsahem 9,17 a 12,80 g kyseliny fytové v 1 kg su‰iny (37,6 a 50,1% celkového P) jsme telatÛm podávali ad libitum od 4. dne po narození. Odstav telat probûhl ve vûku 6 t˘dnÛ. Kyselina fytová byla nalezena v 30 z 37 analyzovan˘ch vzorkÛ v˘kalÛ. MnoÏství kyseliny fytové v nûkter˘ch vzorcích nepostaãovalo k pfiesnému stanovení. Nálezy kyseliny fytové znaãnû kolísaly, od 1 mg do 2,34 g v 1 kg su‰iny v˘kalÛ. Podíl fytátového P na celkovém obsahu P ve v˘kalech ãinil 0 aÏ 8,9%. Nejvy‰‰í koncentraci kyseliny fytové jsme nalezli u telat právû odstaven˘ch, t.j. ve vûku 6 t˘dnÛ. V˘kaly telat odebrané ve vûku 1, 6 a 13 t˘dnÛ obsahovaly 8 ± 4, 477 ± 265 a 275 ± 211 mg kyseliny fytové v 1 kg su‰iny (prÛmûry ± SEM). Lze proto konstatovat, Ïe hydrol˘za kyseliny fytové v trávicím traktu telat krmen˘ch startérov˘mi koncentráty není úplná a její malá ãást pfiechází do v˘kalÛ.
